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Abstract 
In medium and high voltage industrial drive applications, hybrid Multi Level Inverters (MLI) have predominant importance. In 
order to realize hybrid multi level inverters, different topologies have been suggested. The key disadvantages in the realization of 
conventional hybrid topologies are the requirement of more number of switches per phase and complexity in the design of control 
signals. This paper brings out the modelling and performance comparison between two different hybrid multi level inverter 
topologies. The simulation is carried out using Simulink tool in MATLAB software. 
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1. Introduction 
At present it is necessary to introduce different levels in the output voltage of inverters for high and 
medium industrial power applications in order to get better performance of electric drives.  Previously, to provide a 
variable voltage of variable frequency at the required values, conventional two-level inverters were in use. 
Traditional two-level inverter supplies a square-wave voltage with large harmonic content which further causes 
more pulsation in load torque. The presence of these high frequency components in the output voltage of the inverter 
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not only cause more losses in the drives but also cause electromagnetic interference problem. These drawbacks 
restrict the usage of conventional two-level inverter for high and medium industrial drive applications. In order to 
reduce high dv/dt in the output voltage, the conventional inverter topology is modified which has turn out to be a 
curtain raiser to multi level inverters.  
Even though the number of switching elements required is large, the ability of adding small voltages in 
series made multi level inverters more preferable for high and medium power industrial drives1. The requirement of 
more number of switching elements and capacitors per phase made the traditional topologies obsolete2. The 
conventional multilevel inverter topologies use the capacitors connected in series or floating creates voltage 
balancing problem. Hence several combinations of custom topologies have been tried, which led to the inventive 
concept of hybrid multilevel inverter topologies3. The key advantage of hybrid multi level inverters is not only to 
supply an improved voltage waveform at the output, but also to minimize the number of elements required for the 
conversion4.  Basically to develop hybrid topology the three level Neutral Point Clamped (NPC) half bridge 
structure has been extensively used as a base inverter which is cascaded with full bridge three level inverter (CHB).  
To reduce the number of devices required per phase another topology has been proposed which combines the 
conventional two level cell (CNV) is cascaded with full bridge three level inverter (CHB).5In this paper presents the 
modeling of these two hybrid structure modeling and the control signals required to trigger the switches in order to 
generate five level voltage output and their performance is compared with an induction motor load. 
2. Hybrid inverter topologies 
The per phase structures of both hybrid topologies Neutral Point Clamped  with Cascaded H-Bridge 
(NPC+CHB) and Conventional with Cascaded H-Bridge (CNV+CHB) are shown in Figure 1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1. (a)Single phase circuit of (NPC+CHB) topology  (b) Single phase circuit of (CNV+CHB) topology 
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The following table 1 shows the number of elements required to model both the topologies. The hybrid topology 
decreases the number of components needed to realize multi level voltage waveform. Hybrid topology nearly 
reduces 50% of components. 
Table 1. Comparison between the two hybrid topologies. 
Components required NPC+CHB 
1-ࢥ       3-ࢥ 
CNV +CHB 
1-ࢥ       3-ࢥ 
IGBTs 8           24 6           18 
Power Diodes 2             6 0             0 
Capacitors 2             6 2             6 
 
The CNV+CHB topology requires less number of elements than the NPC+CHB topology. Therefore the 
switching losses are less in CNV+ CHB topology than that of NPC+CHB topology. The farther reduces the size, 
weight and cost of the system effectively than that of the latter.  
3. Control circuit design 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2. Control Signals for NPC+CHB Topology 
 
  The per phase driver circuit output for both hybrid topologies is shown in figure 2 and figure 3 respectively,  to 
get a  five level output voltage. NPC+CHB topology requires eight gate pulses where as CNV+CHB topology 
requires only six gate drivers per phase. With 120 degree phase shift remaining phases will be supplied. From the 
figures 2 and 3 it is observed that the NPC+CHB topology driver circuit design is simple and cheaper. Only two 
different logic circuits are necessary. The remaining pulses can be obtained using NOT gates. The control circuit 
design of CNV+CHB topology is complex hence costlier than NPC+CHB topology. 
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Fig.3. Control signals for CNV+CHB topology. 
4. Simulation results 
The simulation is done using MATLAB Simulink software. The performance of the  modelled hybrid inverters is 
tested on a three phase, 220V, 50 Hz squirrel cage induction motor whose winding is wound for 4 poles supplying a 
mechanical torque of 11.9 Nm. The Simulink topologies of the hybrid inverters are shown in figures 4 and 5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4. Simulation diagram of NPC+CHB topology    
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Fig.5.  Simulation diagram of CNV+CHB topology 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.6. Output voltage of both the hybrid inverters. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.7. Frequency spectrum of phase voltage in CNV+CHB topology 
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Fig.8. Frequency spectrum of phase voltage in NPC+CHB topology 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.9. Stator currents in ampere. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.10. Torque developed in Nm  
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Fig.11. Speed in rpm  
The performance of both hybrid inverters are given in figures 6 to 11. From the above comparison it is observed 
that the   CNV+CHB topology provides more fundamental with less harmonic distortion in its phase voltage than 
NPC+CHB topology.  Both the topologies are drawing same amount of stator current. As for as torque is concern, 
CNV+CHB topology provides maximum torque with more pulsation where as NPC+CHB topology provides less 
maximum torque with less pulsation. NPC+CHB topology provides more or less constant speed, but CNV+CHB 
topology provides speed with more variation. Therefore as for the motor performance is concern, NPC+CHB 
topology is better than CNV+CHB topology where as NPC+CHB topology requires more number of switches and 
capacitors for its realization. Hence inverter losses are more. 
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